We present a preparatory spectroscopic survey to identify radio-bright, high-redshift quasars for the MeerKAT Absorption Line Survey (MALS). The candidates have been selected on the basis of a single flux density limit at 1.4 GHz (> 200 mJy) together with mid-infrared color criteria from the Widefield Infrared Survey Explorer (WISE). Through spectroscopic observations using the Nordic Optical Telescope, we identify 72 quasars out of 99 candidates targeted. We measure the spectroscopic redshifts based on characteristic, broad emission lines present in the spectra. Of these 72 quasars, 64 and 48 objects are at sufficiently high redshift (z > 0.6 and z > 1.4) to be used for the L-band and UHFband spectroscopic follow-up with the Square Kilometre Array (SKA) precursor in South Africa: the MeerKAT.
INTRODUCTION
Extragalactic H I 21-cm and OH absorption line surveys have been mostly limited to known samples of damped Lyα absorbers (DLAs) or Mg II absorbers, from which about 50 detections of H I absorption have been reported (Briggs & Wolfe 1983; Kanekar & Chengalur 2003; Kanekar et al. 2014; Gupta et al. 2009; Curran et al. 2010; Gupta et al. 2012; Srianand et al. 2012; Dutta et al. 2017) . At z > 0.1, only 5 OH molecular systems are known; in two of these cases absorbing gas is associated with the active galactic nucleus (AGN) itself, and in the remaining three cases absorption arises from the intervening lensing galaxy (e.g., Darling 2004; Kanekar et al. 2004 ). These scarce detections have led to inconclusive interpretations of the cold gas evolution in galaxies. In addition these data are biased by various preselections from optical surveys.
Thanks to large absorption line surveys with upcoming Square Kilometre Array (SKA) precursors and pathfinders, i.e., the Australia Square Kilometer Array Pathfinder (Johnston et al. 2007; Allison et al. 2017, ASKAP) , APERTIF (Oosterloo et al. 2009; Maccagni et al. 2017) and MeerKAT (Gibbon et al. 2015; Gupta et al. 2017; Jarvis et al. 2017) , the number of absorption line systems, especially sight lines through dusty ISM, at radio wavelengths is expected to dramatically increase over next few years.
The MeerKAT radio telescope in South Africa will be the most sensitive facility at 21-cm until the completion of SKA phase-I. Using this state-of-the-art telescope, the MeerKAT absorption line survey (MALS, Gupta et al. 2017) will probe H I 21-cm absorption out to redshift z = 1.5 for about 1000 blind sightlines, i.e., no preselection based on optical absorption (Lyα, Mg II, etc.) is used.
The main goal of the survey is to quantify the redshift evolution of the cold gas fraction in and around galaxies out to redshift z = 1.5 (and out to z = 1.8 using OH absorption). The cold gas phase holds important clues for the regulation of the interstellar medium, and ultimately leads to the onset of star formation. At high redshift, the best way to study the cold neutral medium is through absorption studies (e.g. Srianand et al. 2005 Srianand et al. , 2012 Ledoux et al. 2015; Noterdaeme et al. 2017) , since emission line studies only detect the brightest pockets of gas and therefore do not give a representative picture of the cold gas fraction through cosmic time. Furthermore, studying the cold gas using 21-cm absorption on a purely radio-selected sample overcomes one of the main limitations of optically selected samples: the possible dustinduced bias. The extent to which optically selected quasar samples are biased against dusty (and thereby preferentially cold and metal-rich) absorption systems has been discussed extensively through the years (Pei et al. 1991; Ellison et al. 2001; Jorgenson et al. 2006; Vladilo & Péroux 2005; Pontzen & Pettini 2009; Kaplan et al. 2010; Fynbo et al. 2013; Glikman et al. 2013; Krogager et al. 2015 Krogager et al. , 2016 Murphy & Bernet 2016) . Current data suggest that the average reddening from quasar absorbers is small, yet increases with metallicity, and it has been argued that the total cosmic metal density might be underestimated by up to a factor of two (Pontzen & Pettini 2009) . While the issue of a dust bias is more efficiently probed in radio selected samples, previous surveys have been too small to draw firm conclusions (Ellison et al. 2005) . For this reason, the MALS sample will provide a unique opportunity to study cold gas absorbers in an unbiased way.
Moreover, the MALS sample will be useful for a range of auxiliary scientific goals; The large sample of H I and OH absorbers obtained from the survey will (i) lead to tightest constraints on the fundamental constants of physics (Kanekar et al. 2005; Rahmani et al. 2012) , and (ii) be ideally suited to probe the evolution of magnetic fields in disks of galaxies via Zeeman splitting or rotation measure synthesis (Farnes et al. 2014) . The survey will also provide an unbiased census of H I and OH absorbers, i.e., cold gas associated with powerful AGN (> 1024 W Hz −1 ) at 0 < z < 2 to investigate fundamental issues related to AGN evolution and feedback (Maccagni et al. 2017) , and will simultaneously deliver a blind H I and OH emission line survey, and radio continuum survey. For more details about the individual science goals of MALS, we refer to the survey description .
The MALS survey design is specified in Table 2 of Gupta et al. (2017) . Specifically, to maximize the optical depth sensitivity and redshift coverage, the L-and UHFband pointings will be centred at flat-spectrum radio quasars (FSRQs) at z > 0.6 and z > 1.4, respectively. Bright FSRQs with known spectroscopic redshifts, especially in the southern hemisphere, are rare; Therefore, we have initiated a large campaign to identify more highredshift, radio-bright quasars using infrared color criteria to limit the influence of dust. The infrared-selected radio quasar candidates are then followed up using optical spectroscopy to classify the nature of the source and to measure its redshift. For the spectroscopic observations, higher priority is given to candidates that are likely to be FSRQs. Due to the large number of targets needed to be identified, the task has been split among several observing facilities, and in this paper, we report on one part of the survey carried out at the Nordic Optical Telescope (NOT) at the Observatorio del Roque de los Muchachos on La Palma, Spain, from which we can access the most northern targets of the overall survey. The results from the Southern African Large Telescope (SALT) campaign will be presented in a future paper. The MeerKAT observing campaign is expected to start in 2018 and the survey will be carried out over a period of 5 years.
The paper is structured as follows. In Section 2, we present the target selection criteria; in Section 3, we describe the optical follow-up and the data processing; in Section 4, we present the results; and in Section 5, we provide a short discussion of caveats and a summary of our findings.
TARGET SELECTION
First step was to assemble a catalog of southern (δ < +20 deg) radio sources that are bright enough (>200 mJy) to meet the requirements of MALS in 1−2 hrs of telescope integration time. For this purpose, we used the NRAO VLA Sky Survey (NVSS; Condon et al. 1998 ) at 1.4 GHz and the Sydney University Molonglo Sky Survey (SUMSS; Bock et al. 1999; Mauch et al. 2003) at 843 MHz 1 . The radio source catalog was then cross-correlated with photometry from the Widefield Infrared Survey Explorer [WISE , Wright et al. 2010] ). The WISE photometry covers 4 bands, here designated as W 1 (3.4 µm), W 2 (4.6 µm), W 3 (12 µm), and W 4 (22 µm). The cross-matching is performed on the coordinates using a matching radius of 2 arcsec which corresponds to the astrometric uncertainty of the radio sources. The WISE color-space for radio sources identified as quasars from the Sloan Digital Sky Survey (SDSS, York et al. 2000) spectroscopic catalog is shown in Fig. 2 . The color-coding of each bin in the color-color diagram shows the average redshift of sources in the given bin. It is clearly seen that low-redshift quasars tend to cluster in one part of this color-space and we can therefore limit the number of low-redshift interlopers by applying the following photometric cuts (similar to fig. 1 of Krogager et al. 2016) :
The lower limit on the W 1 − W 2 color is imposed to limit the number of stars and galaxies in our sample, since the contamination fraction increases rapidly when expanding to lower values of W 1 − W 2 (e.g., Stern et al. 2012; Richards et al. 2015) . Stern et al. (2012) estimate the purity of quasars with W 1 − W 2 > 0.6 to be ∼70%.
For the NOT observations we limited the observations to northern targets, i.e., −20
• < δ < +20
• . This resulted in a parent sample of 196 targets. Objects with compact radio morphology and flat spectral shapes are given priority as these are likely to be compact at cm-wavelengths and hence preferred for the intervening absorption studies ). In total we reject 41 targets with complex or extended radio morphologies based on available arcsec scale L-band images in FIRST (Becker et al. 1995) .
Furthermore, 14 sources are discarded based on extended optical morphology (classified as galaxy in SDSS) as these are dominated by low-redshift (z < 1.4) sources 2 . Five sources are discarded due to overlap with the plane of the Milky Way (closer than ±15 deg Galactic latitude) to minimize the contamination from stars. We exclude two sources since they are bright stars based on the finding charts, three sources have been excluded since spectroscopic redshifts from SDSS are already available, and one source is excluded due to a catalog error, which was not discovered until after the observing runs. The final sample of candidates is thus made up of 130 targets.
OBSERVATIONS AND DATA PROCESSING
During two observing runs in August 2016 (P53-012) and February 2017 (P54-005), we have observed a total of 99 candidate quasars with the (NOT) using the Andalucía faint object spectrograph and camera (AL-FOSC). For all observations, we binned the CCD pixels by a factor of 2 along the wavelength axis and we aligned the slit with the parallactic angle. The candidates were observed using grism #4 which covers the wavelength range from about 3200 Å to 9100 Å at a resolution of about R ∼ 300 (depending on the slit-width used). During the observations we matched the slit-width according the seeing in order to limit slit-losses. No blocking filter was used for the observations to maximize throughput. We thus caution, that the spectra suffer from second order contamination effects. However, as our main purpose of the spectroscopic follow-up was merely to secure the classification and to measure redshifts, the second order contamination is not of great importance. The exposure time and slit-width used for the observation of each target is summarized in Table 1 . The seeing varied quite significantly in the Feb run ranging from 0.5 arcsec in the best case to >2 arcsec in the worst case. For the Aug run, the seeing was more stable around ∼1 arcsec. Photometric properties for the observed sample are summarized in Table A1 in Appendix A.
During the observations, we gave priority to targets with a visible optical counterpart in the finding chart or sources that had optical data available, such as SDSS photometry. This allowed us to identify an optical counterpart in acquisition images of typically 10-20 seconds, reaching depths of R ∼ 21 mag. In total, 40 targets had no visible counterpart in the finding charts. Since the finding charts were based on rather shallow photometry from the Digitized Sky Survey, we also attempted to look for optical counterparts where no obvious sources were visible in the finding charts by making deeper (1 minute, reaching R ∼ 22.5 mag) acquisition images centred on the radio position. The results from these blind positions are summarized in Sect. 4.
We used He and Ne calibration lamps for the wavelength calibration and on each night we observed at least one spectroscopic standard star in order to calibrate the response of the instrument.
Firstly, the raw frames were bias subtracted and flatfield corrected using Halogen lamp flats. The background was then subtracted row by row (the spectra were dispersed vertically on the CCD) using a low order Chebyshev polynomial fit with robust sigma-clipping. Cosmic rays were rejected using the method developed by van Dokkum (2001) . We use the Python implementation, astroscrappy 3 , which is significantly faster than the original implementation in IRAF 4 . Extraction and calibration of the 1-dimensional (1D) spectra was performed using the IRAF tasks apall, identify, sensitivity, and calibrate. The respective vacuum wavelength solutions and sensitivity functions were applied to the 2D spectral frames in order to obtain calibrated 2D spectra. 
RESULTS
We classify each observed target based on spectral features in the extracted 1D spectra. In most cases quasars are easily identified due to their broad emission lines, which furthermore enable us to measure its redshift. The summary of all classifications and the measured redshifts are given in Table 1 . The uncertainty on the spectroscopic redshift is of the order σ z = 0.005. In cases where there are only narrow emission lines, we classify the target as an emission line galaxy and provide the measured redshift. In 8 cases we were not able to obtain a secure classification. These are marked either as unknown identification ('N/A'), blazar or tentative (redshift followed by ':') in Table 1 . In total, we securely identify 72 quasars out of 99 observed targets, and 48 of these are at a sufficiently high redshift (z > 1.4) for the UHF band spectroscopic observations of the MALS survey. For the L-band observations of MALS 64 out of the 72 quasars are at sufficiently high redshifts (z > 0.6). In Fig. 1 , we show the distribution of spectroscopic redshifts for all objects where it was possible to determine the redshift. All targets are shown in the WISE colorcolor plot in Fig. 2 . The distribution of redshifts in the mid-infrared color-space follows largely the same pattern as the underlying SDSS sample taking into account the large scatter in the redshifts (±0.8) for each bin in colorspace. In accordance with previous studies of quasars in the near-infrared color-space (e.g., Assef et al. 2010; Stern et al. 2012) , we find that the fraction of contaminants decreases for increasing W 1 −W 2 color. A preview of the spectra are shown in Figs. A1 and A2 in Appendix A (the full sets of figures are available online).
As mentioned in Sect. 3, we attempted to identify optical counterparts for 13 targets where no source was visible in the shallow finding chart. After a long acquisition image (typically 1 min), we were able to identify a faint source at the position of the radio source in 9 out of 13 cases. Out of these 9 blind observations, we were able to identify three quasars and three galaxies; three spectra did not result in any identification. These 9 blind observations are marked as 'blind observation' in the classification notes of Table 1. In the last 4 out of the 13 blind fields, we did not observe any optical counterpart in the deeper acquisition images and hence did not proceed with the spectroscopic observations. These are listed in the bottom part of Table 1 for completeness, but they are not counted as actual spectroscopic observations in this optical follow-up study. In order not to bias our survey, these unidentified radio sources will be part of our full spectroscopic campaign to search for H I and OH absorption at radio wavelengths.
We searched the spectra for absorption lines either from the quasar host or from intervening systems. The objects with clearly visible absorption features are given in Table 2 . In cases where we were able to identify the lines, we also give the absorber redshift. We note that due to the low resolution and limited signal-to-noise ratio in the continuum, the identifications are tentative in most cases. to verify that the source is indeed a quasar and simultaneously allows a determination of the redshift. However, this approach comes with one main drawback: Not all quasars exhibit these broad, characteristic emission lines (Meusinger et al. 2012 (Meusinger et al. , 2016 Krogager et al. 2015 Krogager et al. , 2016 . For the main science case of the MALS project, namely the study of intervening cold gas absorption, such a bias against non-standard quasars (incl. type-II and blazars) will have no significant implications since the bias is intrinsic to the quasars and not caused by the intervening absorbers. However, for the science case related to AGN fuelling and intrinsic properties of the AGN, the bias must be kept in mind.
From our observations at the NOT we can estimate the severeness of the bias from the number of unidentified spectra in our survey. In total, we found 8 targets with no clear identification and 72 quasars. As a conservative estimate, assuming that all unidentified sources are indeed atypical quasars without broad emission lines, we thus find a maximal missing fraction of 10%.
The fraction of quasars in this region of WISE color space has independently been estimated at around 70% (Stern et al. 2012) , which agrees well with the observed number of quasars (72 out of 99). This indicates that the missing number of quasars is indeed small.
We note that some targets are classified as tentative blazars or atypical quasars, but for these targets we lack spectral features that allow us to determine the redshift. Thus, for the purpose of MALS, these targets are of little interest.
In summary, we have carried out a spectroscopic survey for radio loud quasars at high redshift. We used a single flux density limit at 1.4 GHz (requiring that candidates have (Pâris et al. 2017) . The color coding corresponds to the mean redshift of quasars in a given bin. The MALS quasars are shown as large, colored dots (following the same color coding). Black stars indicates contaminating stars or galaxies and white dots mark the candidates for which no classification was possible. The dashed lines show the region of color-space that we used to select high-redshift candidates. The two panels at the top and right edges indicate the contaminating fraction, fcont, of stars and galaxies in dark gray, and the contamination including the unidentified sources is shown in light gray.
to select candidates at z > 1.5. Using the NOT we have carried out a survey of 99 candidates with compact radio morphologies. Out of the total number of candidates observed, 72 are quasars of which 64 and 48 objects are at sufficiently high redshift for the L-and UHF-band spectroscopic observations as part of MALS. Table A1 continued 
